Alkyl aryl esters, dialkyl esters and diaryl esters of N-methyl-N-phenylphosphoramidic acid were synthesized and tested for cross-resistance and joint action with phosphorothiolate (PTL) fungicides using rice blast fungi, Pyricularia oryzae. Negative correlation in crossresistance was found between PTL fungicides and most of the amidates. Synergism in the fungicidal action was also found between them for wild types of the fungi, when tested by crossing filter paper strips impregnated with fungicides on agar plates inoculated uniformly with the test fungi.
Fungi. An isolate of rice blast fungus, Pyricularia oryzae, coded as Hoku-373 which belongs to the race N-1, was used throughout the experiment, and in some cases, other isolates, such as Ken-6019 which belongs to the race C-1, were also used. The isolates and their PTL-R clones were cultured and their spores were obtained by the method described in a previous paper.
6) Testing method for fungicidal activity. Fungicidal activity was tested by the agar dilution method and expressed by the minimum growth-inhibitory concentration (MIC).6) The test concentration of the fun gicides in the potato-sucrose agar medium were routinely 0.1, 0.2, 0.4, and 0.8mM.
Testing method for joint action of fungicides.
Spores of the test fungi were inoculated uniformely on potato sucrose agar plates (about 104 spores per Petri dish of 9cm diameter).
A strip of filter paper (7mm width) was dipped in an acetone solution of 3mM PTL fungicide, dried under germless condition, and placed on each of the agar plates. Another paper strip impregnated with a test phosphoramidate (usually 3mM solution in acetone was used) was placed on the agar plate crossing at right angle to the paper strip of the PTL fungicide. The growth-inhibition zone on the plate around the crossing paper strips was observed 2days after the treatment, and its pattern shows the mode of the joint action of the two test fungicides . When the two fungicides in the crossing paper strips have different fungicidal mechanisms and do not affect the fungicidal activity each other, the inhibition zone around the crossing point of the paper strips makes a square corner, as shown in the left dish of Fig. 1 . When the two fungicides have the same fungicidal mechanism , the inhibition zone around the crossing point is formed by the additive action of the two fungicides , and becomes, therefore, a round corner. The most typical case is shown when the same fungicide is impregnated in both the paper strips crossing each other , and the inhibition zone is made along the equi-concentration line of the fungicide on the plate as shown in the central dish of Fig. 1 . When one of the two fungicides is synergistic with the other, the inhibition zone widens at the crossing point of the paper strips as shown in the right dish of Fig. 1 . There is another mode of joint action, in which one of the fungicides has an antagonistic action against the activity of the other . The inhibition zone in this case will be narrowed at the crossing point of the paper strips, but this mode of joint action was not observed in the present experi ment.
RESULTS
The fungicidal activities of phosphorami- The crossing paper strips on agar plates were impregnated with the test fungicides, S-benzyl diisopropyl phosphorothiolate (the vertical strips in all the dishes and the horizontal strip in the central dish), phenylmercury acetate (the horizontal strip in the left dish) and 2,4-dichlorophenyl isopropyl N-methyl-N-phenylphosphoramidate (the horizontal strip in the right dish). Each dish was inoculated with rice blast fungi, Hoku-373 (top), its PTL-R clone (right), Ken-6019 (bottom), and its PTL-R clone (left). The growth of vertical lines (wild types) was inhibited by the phosphorothiolate but not by the phosphoramidate, while that of the horizontal lines (PTL-R clones) was inhibited by the phosphoramidate but not by phosphorothiolate.
dates on the wild type of rice blast fungus and its PTL-R clone are summarized in Table II . Though the isolate, Hoku-373, was routinely used throughout the experiments, represent ative phosphoramidates were also tested for other isolates, and the same results were obtained as shown in Fig. 2 .
Negative correlation in cross-resistance between PTL fungicides and phosphoramidates was confirmed in most cases and positive correlation has never been observed (Table II, Fig. 2.) . This negatively correlated crossresistance was clearly shown by the dihexyl not observed at all with the PTL-R clone. All the alkyl aryl esters showed clear synergism in the wild type fungus, while the synergism was clearly shown only with the dibutyl homo logue in the series of the dialkyl ester. The dihexyl homologue was slightly synergistic in this test, and when the dosage of the dihexyl homologue in the paper strip was increased to 10-fold, the pattern of synergism became clear. Diaryl esters also showed synergism in the wild type fungus. Although the test for joint action was carried out with S-benzyl diisopropyl phosphorothiolate as a PTL fungicide, some re presentative phosphoramidates were also tested with other PTL fungicides, e.g. edifenphos, S-benzyl butyl S-ethyl phosphorodithiolate and S-benzyl ethyl phenylphosphonothiolate, and similar results were obtained for all of the PTL fungicides tested.
DISCUSSION
The biochemical mechanism of pesticide resistance of organisms has long been studied and discussed.10) 
